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ABSTRACT 
Survival of Microorganisms on Meat Surfaces 
Treated with Ultra-High Temperature 
by 
Bret M. Mattinson, Master of Science 
Utah State University, 1996 
Major Professor: Dr. Von T. Mendenhall 
Department: Nutrition and Food Sciences 
Sterile ceramic plates and the surface of beef steaks were 
inoculated with the pathogenic microorganisms Listeria monocytogenes, 
Campylobacter jejuni, Escherichia coli, and Salmonella typhimurium. 
Samples were also inoculated with nonpathogenic microorganisms 
Clostridium sporogenes ATCC 7955, Pseudomonas aeruginosa, and 
Bacillus stearothermophilus . Concentrations of organisms in the pure 
culture used to inoculate the samples were selected within the range of 
106 to 108 colony forming units/ml (CFU/ml). Samples were treated 
with ultra-high temperature (UHT), and· the surviving organisms were 
recovered and counted. Meat samples were exposed to 11 oooc for 22 
seconds. 
ii 
Beef steaks inoculated with pathogenic microorganisms had low 
survival rates. The percent destruction ranged from 99.9 to 99.8. Sixteen 
percent of the spores from putrefactive anaerobe 3679 were destroyed. 
UHT was not found to be effective in destroying the spores of this 
organism. UHT destroyed 99.9 to 100 percent of the non pathogenic 
microorganisms Pseudomonas and Bacillus stearothermophilus, 
respectively, inoculated on the surface of beef steaks prior to treatment. 
UHT pasteurization technology proved to be an effective method of 
controlling vegetative pathogens and vegetative spoilage organisms on 
meat surfaces. 
(78 pages) 
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INTRODUCTION 
Raw meat has a limited shelf life primarily due to the natural flora 
of microorganisms found on the meat and to the deleterious action of 
oxygen on the surface. Microorganisms cause objectionable odor and 
appearance. Pathogenic organisms can cause food poisoning. Oxygen 
alters the surface color. The use of vacuum packaging may prevent 
these effects by limiting available oxygen, though anaerobic and 
facultative microorganisms are still a concern, and the fresh color of meat 
is lost. Ultra-high temperature (UHT) heating of meat surfaces has been 
proposed as a new method of preservation. Surfaces of steaks and 
roasts were exposed to air temperatures of 900-12QQOC in an electric 
furnace for 5-30 seconds. After heating, the surface appeared to be 
cooked. One-half millimeter of the surface was cooked; the rest of the 
meat was raw. The treated steaks and roasts were vacuum packaged 
and refrigerated at 4.40C. The product was then cooked in a microwave 
oven to an internal temperature of 1600F. This process produced a 
microwavable meat product with the appeal of a flame-broiled steak. The 
effect of UHT on spoilage micr~organisms and pathogens was unknown. 
UHT treatment of raw meat stabilizes the surface proteins, preventing 
changes in the color, and may control microorganisms. 
Destruction of the spoilage and pathogenic organisms that are 
found on the surface of retail meat cuts could slow spoilage of the 
product and may help prevent food poisoning. Since UHT treatment of 
raw meat is a new concept in processing technology, this study was 
designed to determine if UHT treatment will destroy vegetative 
pathogenic microorganisms and control spoilage microorganisms. 
Pathogenic and spoilage microorganisms are important to the 
meat industry. Pathogens found on meat can cause food poisoning 
outbreaks. If numbers of pathogens on raw meat can be decreased, 
cases of food poisoning may also be reduced. There are many 
pathogens that are associated with meat. Pathogens that are of greatest 
concern include the species Listeria monocytogenes, Campylobacter 
jejuni, Escherichia coli, Salmonella typhimurium, and Clostridium 
botulinum. 
Attempts to eliminate pathogens from the food supply include the 
use of quality assurance programs, sanitation, high temperature 
treatments, vacuum packaging, salting, chemical treatments, and 
freezing (Judge et al., 1989). Numerous areas of meat processing are 
responsible for the spread of pathogens. Primary sources of 
contamination are the animals themselves, processing equipment, air, 
and people who come in contact with the meat (Judge et al., 1989). All of 
these sources of contamination must be controlled to eliminate or limit 
the number of microorganisms on meat (Jay, 1986; Judge et al., 1989). 
Thus it is difficult, if not impossible, to eliminate pathogens from the food 
supply . 
. Pathogens are controlled by keeping microbial loads to a . 
minimum, by controlling sources of contamination and by 
maintaining the meat in an environment or a condition that 
keeps the organisms in a state of slow regeneration, or 
lag phase. (Judge et al., 1989, p. 192) 
Spoilage organisms often cause decreased shelf life of a product, 
which results in lost revenue. Destruction of these spoilage organisms 
may lead to an extended shelf life of the product. Major spoilage 
organisms of meat include the following genera: Pseudomonas, 
2 
Acinetobacter, Morarella , and Lactobacillus. (Jay, 1986; Judge et 
al. , 1989). Among all meat spoilage bacterium, Pseudomonas is the 
niost predominant because of its ability to grow rapidly at refrigerated 
temperatures when oxygen is available (Judge et al., 1989). 
3 
The primary objective of this research project was to determine the 
destructive effect of UHT to vegetative pathogens and spoilage 
microorganisms on the surface of raw beef steaks. 
4 
REVIEW OF LITERATURE 
The application of heat to the surface of meat products reduces the 
overall microbial load of that product. Two methods of thermo processing 
are employed in meat preservation. Pasteurization is a thermo process 
involving internal product temperatures of 5So-75oc (Jay, 1986; Judge et 
al., 1989). This treatment destroys all vegetative pathogens, but not all 
microorganisms. Pasteurization extends the shelf life of meat products, 
but it must be combined with refrigeration to control microorganisms that 
survive the thermo process (Judge et al., 1989). Heating above 1 oooc, 
known as commercial sterilization, destroys all vegetative pathogens, as 
well as their spores, and is commonly used in the canning of meat 
products (Judge et al., 1989). Commercially sterilized meat products are 
stable at room temperature for one or more years. Shelf-stable canned 
meats generally have strong sulfhydryl flavor due to extensive protein 
denaturation, which decreases palatability (Judge et al., 1989). 
Generally, during thermo processing the higher the process temperature, 
the greater the number of microorganisms that are killed (Jay, 1986). As 
temperatures increase, the time necessary to achieve kill decreases. The 
United States Department of Agriculture (USDA) requires a certain 
minimum internal temperature for thermal-processed meat products. 
USDA requirements include the following minimum internal 
temperatures: pork 1440f, poultry 16QOf, and beef 1450f (USDA, 1990). 
These temperatures must be obtained regardless of the time required to 
achieve them. 
Pathogens 
Many pathogenic microorganisms are associated with meat. 
These microorganisms are a concern to meat processors because of the 
potential for human illness when they are present. 
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Pathogens that are of most concern to meat processors include 
the species Listeria monocytogenes, Campylobacter jejuni, Escherichia 
coli, Salmonella typhimurium, and Clostridium botulinum (Boyle, 1986; 
Palumbo, 1986; Bean and Griffin, 1990; Dickson, 1990; Al-Sheddy et al., 
1995; Linton, 1996). 
Listeria are gram-positive asporogenous bacilli which are motile at 
20-25oc, with pH optima of 6.0 or greater (Jay, 1986; Lovett, 1988). 
Optimal growth temperatures are between 30 and 37oc, though Listeria 
are capable of growth over a temperature range of 1-450C (Jay, 1986; 
Lovett, 1988). Listeria monocytogenes is a pathogen most often 
associated with dairy products, though in recent years its prevalence in 
meat has been recognized (Boyle, 1986; Palumbo, 1986; Ryser and 
Marth, 1989; Bean and Griffin, 1990; Dickson, 1990; Johnson et al., 
1990). Although muscle foods-related listeriosis outbreaks have only 
been associated with poultry products, Listeria monocytogenes has 
been isolated from various meat products (Dlcks6n, 1990). Listeriosis 
outbreaks in dairy products included a large outbreak in Los Angeles 
during the first half of 1985 (Ryser and Marth, 1989). Consumption of 
California-made Jalisco-brand Mexican-style cheese was linked to 103 
to 210 listeriosis cases (Ryser and Marth, 1989). Listeria-related deaths 
rank second behind Clostridium botulinum-related deaths in a survey 
recording food poisoning cases (Bean and Griffin, 1990) Methods for 
the enumeration and isolation of Listeria monocytogenes have been 
described using LiCl-phenylethonal-moxalactam agar, Modified McBride 
Agar, modified Vogel Johnson agar, and Martin's Listeria agar (Lovett, 
1988; Cassiday et al., 1989; Heisick et al., 1989). Modified McBride's 
agar has been shown to be most effective for the growth of Listeria 
monocytogenes (Lovett, 1988; Cassiday et al., 1989; H eisick et al., 
1989). 
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Campylobacter species are slender, gram-negative, non-spore-
form ing, curved rods exhibiting a unique darting or corkscrew-like motility 
(American Public Health Association, 1984; Jay, 1986; Ryser and Marth, 
1989; Linton, 1996). Campylobacter jejuni is microaerophilic, with 
growth favored at 5% 02 (American Public Health Association, 1984; 
Jay, 1986; Ryser and Marth, 1989). An increased level of C02 is also 
favorable, with 10% being optimum (Ryser and Marth, 1989). The 
temperature range for growth of Campylobacter jejuni is between 30 
and 47oc, with an optimum of 42oc (Ryser and Marth, 1989; Kwiatek et 
al., 1990). Campylobacter jejuni, though known for years, has only 
recently been recognized as a food-borne pathogen and a leading cause 
of gastroenteritis throughout the world (Boyle, 1986; Palumbo, 1986; 
Judge et al,1989; Linton, 1996). Notable outbreaks of 
campylobacteriosis have been linked to poultry and beef products 
(Palumbo, 1986). In 1983 three separate incidences of Campylobacter 
jejuni-linked food poisoning outbreaks occurred in California involving 
chicken wings and turkey wings (Jay, 1986). Relatively small numbers of 
Campylobacter jejuni can cause gastroenteritis. Growth and 
enumeration of Campylobacter. jejuni can be performed using nutrient 
broth as an enrichment medium and Skirrow's formulation 
Campylobacter isolatory agar as a selective growth medium (AOAC, 
1984). 
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Escherichia coli is a gram-negative, non-spore-forming, rod-
shaped bacterium (Jay, 1986; Ryser and Marth, 1989). E. coli is 
mesophilic with optimum growth between 30 and 400C (Jay, 1986). Four 
groups of Escherichia coli have been implicated in food-borne 
gastroenteritis (Palumbo, 1986). Three of the four strains are recognized 
as pathogens responsible for cases of infant and travelers diarrhea. 
Escherichia coli 0157:H7, in 1993, was identified in food-associated 
outbreaks of a distinctive form of gastroenteritis (Roberts, 1995). The 
outbreak was linked to the consumption of ground beef at a country club 
picnic in Connecticut during September of 1993. Escherichia coli 
0157:H7 was responsible for a food poisoning outbreak in January 
1993. Over 475 people became seriously ill after eating hamburgers at 
Jack-in-the-Box restaurants in Washington, Idaho, California, and 
Nevada. Three children eventually died (Mermelstein, 1993). A 1996 
outbreak in Japan was also associated to this organism. This type of 
Escherichia coli has also been isolated from retail ground beef, pork 
chops, and chicken legs (Boyle, 1986; Palumbo, 1986). There are 
numerous enrichment broths and seleCtive media used to isolate 
Escherichia coli. The enrichment broths include lauryl sulfate tryptose 
broth, brilliant green lactose bile broth, and EC broth (American Public 
Health Association, 1984; Post, 1988). Selective media used to isolate 
and enumerate Escherichia coli are EMS agar, violet red bile agar, and 
tryptone phosphate bile agar (American Public Health Association, 1984; 
Post, 1988). The use of EC broth and EMS agar is the preferred method. 
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Salmonella serovars are small , gram-negative, non-spore-
forming , infectious pathogens that are capable of spreading food-borne 
illness. Optimum pH required for growth is 7.0 (American Public Health 
Association, 1984; Jay, 1986). Thirty to 4CPC is the optimum growth 
temperature (Jay, 1986). Incidences of Salmonella poisoning steadily 
increased between 1967 and 1973, highlighting the need to prevent 
Salmonella contamination of food products in food processing plants and 
other food establishments (Ryser and Marth, 1989). Salmonellae has 
historically been associated with raw animal products, including poultry, 
pork, and beef (Dickson, 1990). Salmonella serovars grow in the 
enrichment media lactose broth, selenite cystine, or tetrathiaonate broth 
(AOAC, 1984; American Public Health Association , 1984; Post, 1988). 
The serovar used in this study, Salmonella typhimurium, was isolated or 
enumerated on the media XLD agar, brilliant green agar, or bismuth 
sulfite agar, with brilliant green agar being preferred (AOAC, 1984; 
American Public Health Association , 1984; Post, 1988). 
Clostridium spp. are gram positive, anaerobic, and spore-forming 
rods (Jay, 1986). Growth usually occurs below pH 4.5 (Jay, 1986). 
Optimum temperature for growth is around 35oc (Jay, 1986). 
Putrefactive anaerobe 3679 (ATCC 7955) is a member of the species 
Clostridium sporogenes and has genetic attributes similar to the lethal 
pathogen Clostridium botulinum, except for toxin production (Jay, 1986). 
Clostridium sporogenes ATCC 7955 is not toxic, is more heat resistant, 
and has the same physiological requirements as Clostridium botulinum. 
Clostridium botulinum is one of the most lethal pathogens known to man 
(Bean and Griffin, 1990). Though food poisoning from Clostridium 
botulinum is rare, the mortality rate is high. There were 776 recorded 
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botulism outbreaks in the United States from 1899 to 1977 that involved 
1,961 cases and 999 deaths (Bean and Griffin, 1990). Since there is no 
risk involved with ingestion of ATCC 7955, it is the preferred organism for 
conducting tests in a food-processing establishment (Goldoni et al., 
1980). Spores of ATCC 7955 are enumerated in a beef heart infusion 
broth under anaerobic conditions (Goldoni et al., 1980). Isolation and 
enumeration of spores and vegetative cells have been done successfully 
on egg yolk trypticase soy agar (Michels and Kagei, 1983; Post, 1988). 
Heat-Resistant Strain 
Bacillus stearothermophilus is a thermophilic facultative anaerobe 
that causes "flat sour" spoilage in canned foods (Jay, 1986). Thermal 
processing normally assures the safety and preservation of food 
products, although spores and a few thermophiles may survive (Feeherry 
et al. , 1987). Bacillus stearothermophilus grows at a pH above 4.6 and 
at optimum temperatures around 55oc (Jay, 1986). Spores of Bacillus 
stearothermophilus are considered one of the more heat-resistant 
microorganisms and are used to determine the effectiveness of 
autoclaves in microbiology labs (Jay, 1986). The organism Bacillus 
stearothermophilus can be grown in nutrient broth and enumerated on 
antibiotic assay medium supplemented with 0. 1 % soluble starch (AAMS) 
(Feeherry et al., 1987). An incubation of 55oC has been used 
successfully for growth (Feeherry et al., 1987). 
Spoilage 
Pseudomonas aeruginosa are short, gram-negative, 
psychrotrophic aerobic rods that cause spoilage in meat and dairy 
10 
products. This spoilage is not hazardous to human health, but it is a 
problem of aesthetics, product quality, and economics (Judge et al., 
1989). Heat-treated, aerobic refrigerated food systems are commonly 
dominated by Pseudomonas aeruginosa, which eventually cause 
spoilage of the food (Jay, 1986). Pseudomonas aeruginosa have been 
successfully enumerated on King's media A or B, with B yielding the best 
results (King et al. , 1954; Freedman et al., 1989). Neither medium is 
highly selective; therefore, typical colonies must be found. These 
"typical" colonies appear to have a fluorescent pigment that has a 
greenish-yellow hue and/or a bright green appearance (King et al. , 1954; 
Freedman et al. , 1989). 
1 1 
METHODS 
lnocula of selected microorganisms were placed on both the 
surface of beef steaks and the surface of sterile ceramic plates. A sterile 
calibrated pipet was used to inoculate selected microorganisms on the 
surfaces of beef steaks and the surfaces of sterile ceramic plates. The 
inocula were allowed to spread across the surface during dispensing. 
Sterile ceramic plates were selected as a model surface, because they 
provide a smooth nonporous surface that is free of competitive 
microorganisms. Inoculated samples of beef and the ceramic plates 
were then exposed to 11 oooc for 22 seconds. This time-and-
tem perature ratio was determined by previous experimentation in which 
appearance of the treated steaks was used as the criterion. 
Sixteen beef samples were inoculated with each organism . After 
inoculation, eight of the beef samples were treated using UHT. The 
remaining eight samples served as nonheated controls. Two methods of 
microbial recovery from inoculated samples were tested: 1) Samples 
were washed with sterile peptone broth or nutrient broth in a sterile whirl-
pak bag. 2) Samples were ground in a sterile blender with sterile 
peptone .broth or nutrient broth. Enumeration studies revealed that 
recovery of the microorganisms did not differ between the two recovery 
methods (see Table 5). Washing of the surface was chosen as the 
standard procedure in this study. After 30 min, aliquots of the wash water 
were dispensed into duplicate petri plates using consecutive 1 /1 O or 
1/100 dilutions. Fifteen milliliters of selective microbial media were 
poured into each plate prior to incubation for specific times and 
temperatures. After incubation, typical colonies were counted according 
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to standard plate count methods (Post, 1988). The percentage of the 
microbial population that was destroyed by UHT treatment was 
calculated by dividing mean counts from UHT-treated steaks with the 
mean obtained from nonheated controls. Bacterial inoculation and 
recovery from sterile ceramic plates were performed in a similar manner. 
PROCEDURES 
Inoculation (Vegetative Cells) 
Cultures of Listeria monocytogenes (obtained from the 
Department of Microbiology, Utah State University), Campylobacter 
jejuni (obtained from the Department of Microbiology, Utah State 
University), Escherichia coli ( ATCC 25922), Salmonella typhimurium 
(ATCC 14028), Clostridium sporogenes (ATCC 7955), Pseudomonas 
aeruginosa (ATCC 27853), and Bacillus stearothermophilus (ATCC 
10149) were used to inoculate the steaks and the ceramic plates. 
Individual cultures were grown in sterile nutrient broth 48 hr prior to 
inoculation. The concentration of organisms in the pure culture used to 
inoculate the samples was selected within the range of 1 o6 to 1 r:f3 
colony-forming units(CFU)/ml. Sterile ceramic plates were inoculated 
with 0.1 ml of pure culture using a sterile pipet. Steak samples were 
inoculated with 1.0 ml of pure culture, using a sterile pipet, and allowed 
to sit for 30 min at 7°C in a sterile petri plate. The pure culture was 
administered to the surface with a sterile pipet and the liquid(containing 
culture) was allowed to spread across the surface. 
Inoculation (Spores) 
13 
Samples were inoculated as described above with a spore 
suspension, which was prepared by inoculating one liter of beef heart 
broth with 1 ml of a previously grown culture of ATCC 7955. This mixture 
was then autoclaved at 108.30C for 1 O min to heat shock the seed 
spores. The cultures were then incubated 13 days at 300C (Goldoni et 
al. , 1980). Spores were applied to the surf ace of the steak or ceramic 
plate with a sterile pipet as previously described. 
Samples 
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Meat samples for inoculation were prepared by cutting eight full -
cut steaks (pH 5.3-5.6) three-fourth inches thick from boneless USDA 
choice beef top loins. Each steak was then cut in half, providing two 
portions. One portion from each steak was randomly selected and 
inoculated with pure culture, then UHT treated. The same portion from 
an adjacent steak with the same cut surface was inoculated but not heat 
treated (control) , so that control and treated samples represented the 
same muscle groups and the same cut surface. Sixteen portions from 
eight steaks were prepared from each loin. All samples were prepared 
within 3 days of slaughter. Duplicate steaks were inoculated and treated 
using each microbial culture. 
Eight sterile ceramic plates (2 x 2 x 1/4 inch) were also inoculated 
with pure cultures in the same manner as the beef steaks. The ceramic 
plates were also used to collect data on the destructive effect of UHT. 
Sterile ceramic plates contain no natural microbial flora and have a less 
porous surface than beef steak. Duplicate ceramic plates were 
inoculated and treated using each organism. 
UHT Treatment 
Ceramic plates were exposed to an oven temperature of 11oooc 
for 1 O sec. Meat samples were exposed to an oven temperature of 
11 oooc for 22 sec. The sample was supported on vertical ceramic rods 
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during exposure (Fig. 1 ). The heat source was then lowered around the 
sample for the appropriate period of time (Fig. 2). After treatment, the 
surface of the meat has a cooked appearance. 
Recovery 
Following UHT treatment, the inoculated steaks or ceramic plates 
were placed in a sterile whirl-pak bag with peptone or nutrient broth 
(99 ml for steaks and 9.9 ml for ceramic plates) . The sample was allowed 
to sit for 30 min at 7°C. The bag was then vigorously shaken 25 times. 
Three consecutive dilutions, 1/10 or 1/100, were then performed. 
Aliquots of pure culture were grown simultaneously to determine the 
actual concentration of the inoculum. Selective media were poured into 
sterile petri plates with aliquots of the appropriate dilution and incubated 
at the specific time and temperature for each test organism (Table 1 ). 
Each inoculation and recovery were duplicated. After incubation the 
surviving organisms were counted, hence surviving organisms were 
defined as those capable of growth during incubation. Surviving CFU/ml 
were determined for control samples, UHT-treated samples, and the pure 
cultures. Colonies endogenous to the meat sample were included in the 
counts of the pure culture recovered from the meat surfaces (control). 
The number of CFU that survived on each surface was divided by the 
CFU added to the surface, times 100 to obtain the percentage survival. 
Percent destruction was then obtained by subtracting the percent 
survival from 100. A mean percent destruction and a standard deviation 
were calculated from the duplicated results of each organism. The 
organism Clostridium sporogenes ATCC7955 required that counts of 
surviving organisms be completed on both the vegetative cells and the 
spores. 
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Fig. 1 - UHT oven in raised position, 
before cooking. 
Fig. 2 - UHT oven in lowered position, 
cooking position 
17 
Table 1--List of organisms and the growth media used in the study 
Incubation 
Organisms Selective Media Time(hrs) T emp(0Ql 
Pseudomonas aeruginosa Kings Medium B 48 30 
ATCC 27853 
Bacillus stearothermophilus Antibiotic Assay Medium 24 55 
ATCC 10149 
Listeria monocytogenes Modified McBrides Agar 48 38 
Campylobacter jejuni Skirrow's Formulation Agar 24 42 
Escherichia coli EMB Agar 24 35 
ATCC 25922 
Salmonella typhimurium Brilliant Green Agar 24 35 
ATCC 14028 
Clostridium Sporogenes Egg Yolk Trypticase Soy Agar 168 30 
ATCC 7955 
Clostridium Sporogenes (Spores) Egg Yolk Trypticase Soy Agar 168 30 
ATCC 7955 
__., 
CX> 
19 
ENUMERATION OF MICROORGANISMS 
Methods 
Specific enumeration procedures were used to determine the 
ability of different organisms to survive UHT treatment on sterile ceramic 
plates and beef steaks. 
Pseudomonas aeruginosa. After ceramic plates and steak 
samples were inoculated, they were placed in sterile whirl-pak bags 
containing sterile peptone water and allowed to sit for 30 min at 7oc. 
The bag was vigorously shaken 25 times. Three consecutive 1/10 or 
1/100 dilutions were then performed. Aliquots of these dilutions were 
placed in sterile petri plates with Kings medium B (King et al., 1954; 
Freedman et al., 1989). Plates were incubated at 3CPC for 48 hr. 
Following incubation, any colonies exhibiting a fluorescent pigment that 
was of greenish-yellow hue and/or a bright green appearance were 
counted and recorded as Pseudomonas CFU/ml (King et al., 1954; 
Freedman et al. , 1989). 
Bacillus stearothermophilus. After ceramic plates and steak 
samples were inoculated, they were placed in sterile whirl-pak bags 
containing .sterile peptone water and allowed to sit for 30 min at 7oC. 
The bag was vigorously shaken 25 times. Three consecutive 1 /1 O or 
1/100 dilutions were then performed. Aliquots of these dilutions were 
placed in sterile petri plates with antibiotic assay medium supplemented 
with 0.1 % soluble starch/(AAMS) (American Public Health Association , 
1984; Feeherry et al., 1987). Plates were incubated at 55oc for 24 hr. 
Following incubation, Bacillus colonies were then counted and recorded 
as CFU/ml (American Public Health Association, 1984; Feeherry et al., 
1987). 
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Listeria monocytogenes. After ceramic plates and steak samples 
were inoculated, they were placed in sterile whirl-pak bags containing 
sterile trypticase soy broth and allowed to sit for 30 min at 7°C. The bag 
was vigorously shaken 25 times. Three consecutive 1 /1 O or 1/100 
dilutions were then performed. Aliquots of these dilutions were placed in 
sterile petri plates with modified McBride agar (Lovett, 1988; Cassiday et 
al., 1989; Heisick et al., 1989). Plates were incubated at 39oc for 48 hr. 
Following incubation, blue to blue-gray Listeria monocytogenes colonies 
were counted and recorded as CFU/ml (Lovett, 1988; Cassiday et al., 
1989; Heisick et al., 1989). 
Campylobacter jejuni. After ceramic plates and steak samples 
were inoculated, they were placed in sterile whirl-pak bags containing 
sterile nutrient broth and allowed to sit for 30 min at 7°C (Post, 1988). 
The bag was vigorously shaken 25 times. Three consecutive 1 /1 O or 
1/100 dilutions were then performed. Aliquots of these dilutions were 
placed in sterile petri plates with Skirrow's formulation agar (American 
Public Health Asspciation, 19S4) . . Plates were incubated at 42DC for 24 
hr in a Gas-Pak microaerobic environment (gas mixture : 5% oxygen, 
10% carbon dioxide, and 85% nitrogen) (American Public Health 
Association, 1984). Following incubation, Campylobacter colonies 
appearing to be clear-to-white-to-tan (may appear reddish) were counted 
and recorded CFU/ml (Jay, 1986; Ryser and Marth, 1989). 
Escherichia coli. After ceramic plates and steak samples were 
inoculated, they were placed in sterile whirl-pak bags containing sterile 
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EC broth and allowed to sit for 30 min at 7oc. The bag was vigorously 
shaken 25 times. Three consecutive 1 /1 O or 1/100 dilutions were then 
performed. Aliquots of these dilutions were placed in sterile petri plates 
with EMB agar (AOAC, 1984; Post, 1988). Plates were incubated at 
35oc for 24 hr. Following incubation, dark purple nucleated colonies 
were counted and recorded as Escherichia coli. CFU/ml (AOAC, 1984; 
Post, 1988). 
Salmonella typhimurium. After ceramic plates and steak samples 
were inoculated, they were placed in sterile whirl-pak bags containing 
sterile lactose broth and allowed to sit for 30 min at 7oC. The bag was 
vigorously shaken 25 times. Three consecutive 1 /1 O or 1/100 dilutions 
were then performed. Aliquots of these dilutions were placed in sterile 
petri plates with brilliant green agar (AOAC, 1984; Post, 1988). Plates 
were incubated at 35oc for 24 hr. Following incubation, Salmonella 
colonies appeared slightly pink - white, opaque surrounded by brilliant 
red medium. Colonies were then counted and recorded as CFU/ml 
(AOAC, 1984; Post, 1988). 
Clostridium sporogenes ATCC 7955. Vegetative cells and spores. 
After ceramic plates and steak samples were inoculated, they were 
placed in sterile whirl-pak bags cohtainirig sterile nutrient broth and 
allowed to sit for 30 min at 7oC. The bag was vigorously shaken 25 
times. Three consecutive 1/10 or 1/100 dilutions were then performed. 
For the spore count, 1 ml of the nutrient broth containing the sample was 
placed in 9 ml of sterile peptone water. It was then heated in 820C water 
with constant agitation. The sample was held at sooc for 10 min and 
then promptly cooled in running water. Dilutions were then performed as 
previously described. Aliquots of these dilutions were placed in sterile 
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petri plates with egg yolk trypticase soy agar (EY-TSA) (Goldoni et al., 
1980; Michels and Kagei , 1983). Plates were incubated anaerobically at 
300C for 7 days. After incubation, Clostridium colonies were counted 
and recorded as CFU/m I. 
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STATISTICAL METHODS 
Sample Size 
The sample size was defined as the number of steaks or ceramic 
plates that would be inoculated with each microbial culture. An initial 
sample of 30 ceramic plates inoculated with 0.1 ml of Bacillus 
stearothermophilus was used to determine experimental sample size. 
The samples were heated at 11 oo0 c for 10 sec as previously described. 
Bacillus stearothermophilus was used since it is the most heat-resistant 
vegetative organism tested. After plate counts were performed on the 
control and UHT-treated ceramic plates, the percentage kill was 
calculated. The following results were obtained using analysis of 
variance: 
mean= 0.999 
standard deviation= 0.0000458 
sample size = 30 
coefficient of variance= SSD/mean x 100 = 0.00458 
Coefficient of variance was used to determine the number of significant 
figures used in reporting the results (Carpenter, 1990). This placed a 
limit of three significant figures; 
The sample size was then calculated by the following equation 
(Ott, 1988; Milweski, 1989): 
n =~2 <XH 1-Xl 
E2 
z = 99% confidence level 
X = 0.999 = 99% = Mean percentage of 
microbes destroyed 
E = 0.03 = 3% =amount of error 
allowed between estimate and 
true value. 
n = 2.582 <0.999)(1 - 0.999) = 7.39 (8.0) 
(0.03)2 
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Therefore, eight samples (steaks and ceramic plates) were inoculated in 
each replication for each microorganism. 
Confidence Interval 
Confidence intervals (99%) were used to report the mean 
percentage kill of each organism. The confidence interval was 
calculated using the following equation (Ott, 1988; Milweski, 1989): 
Confidence interval = X + t S.E. 
X = mean percent of 
microbes killed 
t = 3.00 (at 99 percent 
confidence) 
S.E. = SSD/ n 
n=8 
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Each confidence interval indicates that if the sampling of each 
population were continued, the percentage destruction of that population 
would fall within the established interval 99 times out of 100. 
RESULTS AND DISCUSSION 
Recovery of Microorganisms 
from Surface of Ceramic Plates 
Treated with UHT 
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Sterile ceramic plates were used to collect basic data on the 
destructive effects of UHT on selected microorganisms. There were no 
competitive microorganisms on the surfaces of sterile ceramic plates. 
The surface of the ceramic plates was smooth and less porous than meat 
surfaces. Ceramic plates do retain more latent heat than beef; 
consequently, the time of exposure to UHT was reduced . The 
experiments using ceramic plates provided important base data. Results 
from UHT-treated, inoculated , ceramic plates allowed for the 
measurement of UHT effectiveness without interference from surface 
irregularities of meat and naturally occurring microbial flora, and resulted 
in less experimental error. Mean percent destruction of microorganisms 
on the ceramic plates averaged 100% (Tables 2 & 3) , except with spores 
of ATCC 7955 (Table 4). Only 2.75% destruction of spores was 
measured. Confidence intervals of the mean percent destruction for 
Bacillus stearothermophilus, 100 + 1 ; Pseudomonas aeruginosa, 100 + 
1 ; Escherichia coli, 100 + 1 ; Salmonella typhimurium, 100 + 1 ; Listeria 
monocytogenes; 100 + 1 ; Campylobacter jejuni; 100 + 1 ; Clostridium 
sporogenes P.A 3679 (veg. cells), 100 + 1; and Clostridium sporogenes 
ATCC 7955 (spores), 2.75 + 2 provided adequate base data to show that 
UHT was an effective pasteurization method for vegetative pathogens 
and vegetative spoilage organisms on the surface of ceramic plates. 
Table 2--Confidence intervals of the mean percent destruction of vegetative nonpathogenic microorganisms on 
the surface of sterile ceramic plates resulting from UHT pasteurization 
CFU/ml Pure 
Organism Culture 
Bacillus stearothermophi/us · 3.95 x 106 
Pseudomonas aeruginosa 1.27 x 1 ()8 
Surviving 
CFU/cm2 
1.0 
1.0 
% Reduction 
Confidence Interval 
100 + 1 
100 + 1 
I\) 
---1 
Table 3--Confidence intervals of the mean percent destruction of vegetative pathogenic microorganisms on the 
surface of sterile ceramic plates resulting from UHT pasteurization 
Ora an ism 
Salmonella typhimurium 
Escherichia coli 
Listeria monocytogenes 
Campylobacter jejuni 
CFU/ml Pure 
Culture 
2.65 x 107 
1.17x108 
1.73 x 1 ()8 
1.40 x 106 
Surviving 
CFU/cm2 
0.0 
0.0 
0.0 
0.0 
% Reduction 
Confidence Interval 
100+1 
100 + 1 
100±1 
100+1 
I\) 
ro 
Table 4--Confidence intervals of the mean percent destruction of spores and vegetative cells of Clostridium 
sporogenes ATCC 7955 on the surface of sterile ceramic plates resulting from UHT pasteurization 
CFU/ml Pure Surviving % Reduction 
Organism Culture CFU/cm2 Confidence Interval 
Clostridium sporogenes 
ATCC 7955 (vegetative cells) 2.84 x 106 0.0 100+1 
Clostridium sporogenes 
ATCC 7955 (spores) 9.0 x 1()8 1.67x107 2.75 +2 
I\) 
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Recovery of Microorganisms from Surface 
of Raw Beef Steak (Untreated) 
30 
Percentage recovery was defined as the number of organisms 
able to grow after the sample was inoculated divided by the number 
applied to the surface from the culture, multiplied by 100. Both 
procedures of washing the meat surfaces and grinding the meat samples 
with broth resulted in a high percentage recovery of microorganisms 
(Table 5) . Surface recovery was the method chosen because particulate 
matter could be avoided, and the recovery was as efficient as grinding 
the sample in broth. The confidence interval of the mean percentage 
recovered by the surface recovery method was 101 + 1 (Table 5) . In 
some cases recovery was greater than 100%. Recovery greater than 
100% may be due in part to the natural flora on the meat surface being 
included in the counts of some samples. Growth of the organism after 
inoculation would also account for the high recovery rate. Since the 
steaks were inoculated immediately after cutting, experimental error in 
the method would account for most of the variation. Mean percentage of 
microorganisms recovered on the surface of the raw meat averaged 
between 94 and 107% (Tables 6,7, & 8) . Confidence intervals of the 
mean percentage recovered of Bacillus stearothermophilus, .101 + 4; 
Pseudomonas aeruginosa, 100 + 2; Salmonella typhimurium, 100 + 2; 
Escherichia coli, 94 + 13; Listeria monocytogenes, 103 + 2; 
Campylobacter jejuni, 94 + 3; Clostridium sporogenes ATCC 7955(veg . 
cells) , 107 + 4; and Clostridium sporogenes ATCC 7955 (spores), 96 + 1 
provided adequate base data to calculate the percent destruction when 
steaks were treated with UHT. 
Table 5--Bacillus stearothermophilus removed from the surface of raw beef steaks using two methods of 
recovery 
CFU/ml Pure % Recovered 
Orqanism Culture Mean% Recovered Method of Recoverv Confidence Interval 
Bacillus stearothermophilus 5.75 x 106 101 Surface recovery 101±-1 
Bacillus stearothermophilus 6.02 x 106 102 Ground method 102 ±__2 
VJ 
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Table 6--Confidence intervals of the mean percent recovery of nonpathogenic vegetative microorganisms from 
tf1e surface of raw beef steaks inoculated with pure cultures 
Ora an ism 
Bacillus stearothermophilus 
Pseudomonas aeruginosa 
CFU/ml Pure 
Culture 
5.75 x 106 
1.68 x 108 
Recovered 
CFU/cm2 
9.0x104 
3.0x106 
% Recovered 
Confidence Interval 
101 + 4 
100 +2 
c.v 
I\) 
Table ?--Confidence intervals of the mean percent recovery of pathogenic vegetative microorganisms from the 
surface of raw beef steaks inoculated with pure cultures 
Ora an ism 
Salmonella typhimurium 
Escherichia coli 
Listeria monocytogenes 
Campylobacter jejuni 
CFU/ml Pure 
Culture 
1.21 x 1 ()8 
1.86x1Q8 
1.54 x 1()8 
1.06 x 106 
Recovered 
CFU/cm2 
2.0x1Q6 
3.0x1Q6 
3.0x1Q6 
2.0x1Q6 
% Recovered 
Confidence Interval 
100 ±2 
94 +3 
103 +2 
94+3 
(J.) 
(J.) 
Table 8--Confidence intervals of the mean percent recovery of spores and vegetative cells of ATCC 7955 
removed from the surface of raw beef steaks inoculated with pure cultures 
CFU/ml Pure Recovered % Recovered 
Organism Culture CFU/cm2 Confidence Interval 
Clostridium sporogenes 
ATCC 7955 (vegetative cells) 7.50 x 106 1.0x105 107 +4 
Clostridium sporogenes 
ATCC 7955 (spores) 9.0 x 108 2.ox106 96+1 
(,.) 
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Recovery of Microorganisms from Surface 
of Beef Steaks Treated with UHT 
35 
The 22-second exposure time at 11 OcPC was selected for the 
treatment of the steaks on the basis of the cooked appearance of the 
surface. Higher temperatures burned the surface to a black color. 
Excessive denaturation of proteins to a depth greater than 1 mm 
occurred when lower temperatures and longer times were used. The 
percentage of all vegetative microorganisms destroyed averaged 100 
(Tables 9 & 10). Only 17% of the spores of PA 3679 were destroyed 
(Table 11 ). More detailed results are found in the appendix. Confidence 
intervals of the mean percentage destroyed for Bacillus 
stearothermophilus, 100 + 1 ; Pseudomonas aeruginosa, 100 + 1 ; 
Salmonella typhimurium, 100 ± 1 ; Escherichia coli, 100 + 1 ; Listeria 
monocytogenes, 100 + 1 ; and Campylobacter jejuni, 100 + 1 ; Clostridium 
sporogenes ATCC 7955(veg. cells) , 100 + 1; Clostridium sporogenes 
ATCC 7955 (spores), 17 + 7 provided adequate data to verify UHT as a 
new pasteurization technology. 
Table 9--Confidence intervals· of the mean percent destruction of vegetative nonpathogenic microorganisms on 
the surface of beef steaks resulting from UHT pasteurization 
Ora an ism 
Bacillus stearothermophi/us 
Pseudomonas aeruginosa 
CFU/ml Pure 
Culture 
9.00 x 1()6 
2.82 x 108 
Surviving 
CFU/cm2 
3.0x101 
1.ox101 
% Recovered 
Confidence Interval 
107 +4 
107 +4 
U) 
CJ) 
Table 10--Confidence intervals of the mean percent destruction of vegetative pathogenic microorganisms on the 
surface of beef steaks resulting from UHT pasteurization 
Ora an ism 
Salmonella typhimurium 
Escherichia coli 
Listeria monocytogenes 
Campylobacter jejuni 
CFU/ml Pure 
Culture 
3.85 x 108 
4.56 x 1 ()8 
7.60 x 107 
1.06 x 106 
Surviving 
CFU/cm2 
1.0x104 
2.0x103 
1.0x1Q3 
4.0x101 
% Recovered 
Confidence Interval 
100+1 
100+1 
100+1 
100±1 
(.U 
-....J 
Table 11--Confidence intervals of the mean percent destruction of spores and vegetative cells of Clostridium 
sporogenes ATCC7955 on the surface of beef steaks resulting from UHT pasteurization 
Organism 
Clostridium sporogenes 
ATCC 7955 (vegetative cells) 
Clostridium sporogenes 
ATCC 7955 (spores) 
CFU/ml Pure 
Culture 
7.50 x 106 
9.0x1a8 
Surviving 
CFU/cm2 
2.ox102 
2.ox106 
% Recovered 
Confidence Interval 
100+1 
17 + 7 
(,J 
CD 
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CONCLUSIONS 
Methods used to recover the microorganisms from the surface of 
the meat resulted in confidence intervals of 102 + 2 for the ground steaks 
and 101 ±...1 for the washed steaks. A surface washing procedure was 
preferred because particulate matter could be avoided and the method 
was consistent with the procedure used for ceramic plates. There was 
concern that by not blending the sample, microorganisms could have 
been embedded in the meat surface and not recovered . Comparisons 
showed that washing the surface with the nutrient broth was just as 
efficient as grinding the sample. Variations of the percentage recovered 
or percentage destroyed were due to the error in the method rather than 
natural flora on the meat since the meat was cut and handled in an 
aseptic manner before inoculation minutes after cutting. 
The sterile ceramic plates provided base data from a non-meat 
surface that was smoother and less porous than the meat. The percent 
destruction occurring on the surface of the ceramic plate was 100% for all 
organisms except for the spores of ATCC 7955. The mean percent 
destruction for ATCC 7955 was 2. 75 + 2. The confidence interval for 
percentage destroyed on the ceramic plates was much. narrower.than the 
intervals for raw meat and UHT-treated samples. These differences may 
be attributed to the differences in the surface characteristics of the meat, 
surface characteristics of the ceramic plates microflora endogenous to 
the meat, the additional handling necessary in preparing the steaks, or 
the high numbers of microorganisms endogenous to the meat surface. 
All inoculates that were applied to the surface of the beef steak 
were greater than 106 CFU/ml or 1 ()4 CFU/cm2. This is an extremely 
high number compared to the number normally associated with freshly 
cut meat surfaces. The mean destruction for all microorganisms treated 
with UHT was greater than 99%. Theoretically, if 1 O to 100 pathogens 
were on a meat surface prior to UHT treatment, only 0.03 to 0.3 
organisms would survive UHT treatment. The safety of meats with a 
surface load less than or equal to 103/cm2 pathogenic microorganisms 
could be assured by UHT treatment. 
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Spores are not destroyed by UHT treatment ; hence, refrigeration 
after pasteurization is essential to insure that the meat is safe. UHT 
pasteurization, combined with refrigeration, reduces safety risks and 
provides for a longer shelf life. This new preservation method will allow 
industry the opportunity to provide consumers with raw meats free of 
surface-vegetative pathogens. Theoretically, any pathogens left after 
UHT treatment would be destroyed by the final cooking of the product by 
the consumer. UHT treatment also stabilizes the appearance of meat, 
which essentially eliminates color changes normally associated with 
fresh meat spoilage,· thus redu"cing waste from the fresh meat case. 
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APPENDIX 
Table12--Baci//us stearothermQQ.hilus reQQvered from th~ surface of UHT-tr~mt~d Q~r§miQ ~lat~s 
Organism: Bacillus. stea,rQthermoQ.hilus Sample: Ceramic Plates Date: Aoril 7. 1991 
Treatment: 1100 ~ Treatment Time: 1 O Seconds CFU/ml lnnoculum: ~.95 x 10.2. 
Mean% Kill: 100 SSD: Q.Q % Reduction Confidence Interval: 100 + 1 
Recovered 
Samole # CFU/cm2 # Recovered CCFU/ml) % (Reduction) % Survival 
1 4.36 2.5x1Q2 100 0.01 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 ; 0.0 
4 0.0 0.0 100 0.0 
• 
5 2.6 1.5 x 102 100 0.01 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
8 0.0 1.0 x 102 100 0.0 
~ 
01 
Table 13--Pseudomonas aeruainosa recover_edJrom the_surface_ot1.JHT-treated ceramic olates 
Organism: Pseudomonas aeruqinosa Sample: Ceramic Plates Date: Feb. 28. 1991 
Treatment: 1100 ~ Treatment Time: 1 O Seconds CFU/ml lnnoculum: J.27 x 100 
Mean% Kill: 100.00 SSD: M % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/cm2 · #Recovered (CFU/ml) % <Reduction) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
8 0.0 0.0 100 0.0 ~ CJ> 
T§ble14--Sa/mQn~.//a. t¥.Q.himUriu.m r~QQvered frQm the surface of UHT-tr~ateg ~er§miQ (21§t~s 
Organism: Salmonella tvvhirrwrium Sample: Ceramic Plates Date: June 17. 1991 
Treatment: 1100~ Treatment Time: 10 Seconds CFU/ml lnnoculum: 2.65 x 107 
Mean % Kill: 100. 00 SSD: 0.0 % Reduction Confidence Interval: 100+1 
Recovered 
Sample# CFU/cm2 # Recovered CCFU/ml) % (Reduction) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
8 0.0 0.0 100 0.0 ~ 
...... 
Table15--Escherichia coli recovered from the surface oJ Urff-treated ceramic olates 
Organism: Escherichia coli Sample: Ceramic Plates Date: Feb. 28. 1991 
Treatment: 1100 ~ Treatment Time: 1 O Seconds CFU/ml lnnoculum: 1.17 x 10s 
Mean% Kill: 100.00 SSD: QJl % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/cm2 # Recovered_{CFU/mn C>lo ( Redui:tion) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
8 0.0 0.0 100 0.0 ~ CX> 
Table16--Listeria monocytogenes recovered from the surface of UHT-treated ceramic plates 
Organism: Listeria monocvtoqenes Sample: Ceramic Pla1es Date: Feb. 28. 1991 
Treatment: 1100~ Treatment Time: 10 Seconds CFU/ml lnnoculum: 1.73 x 1()8 
Mean % Kill: 100. 00 SSD: QJl % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/cm2 II Recovered lCFU/ml} % (Reduction) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
~ 
<D 
8 0.0 0.0 100 0.0 
Table17--Campylobacter jejuni recovered from the surface of UHT-treated ceramic plates 
Organism: CampvJobacter jejuni Sample: Ceramic Plates Date: Feb. 28. 1991 
Treatment: 1100 ~ Treatment Time: 1 O Seconds CFU/ml lnnoculum: 1.40 x 107 
Mean% Kill: 100.00 SSD: QJl % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/cm2 # Recovered (CFU/ml) % (Reduction) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
U1 
0 
8 0.0 0.0 100 0.0 
Table18--C/ostridium sporogenes ATCC 7955 (Vegetative Cells) recovered from the surface of UHT-treated 
Q~ramiQ glate~ 
Organism: ATCC 7955 (Vegetative Cells) Sample: Ceramic Plates Date: October 17. 1991 
Treatment: 1100 ~ Treatment Time: 1 O Seconds CFU/ml lnnoculum: 2.84 x 1 os 
Mean% Kill: 100.00 SSD: 0.0 % Reduction Confidence Interval: 100 + 1 
Recovered 
Sample# CFU/Qm2 __ #_Recovered CCFU/mll % £8-eduction) % Survival 
1 0.0 0.0 100 0.0 
2 0.0 0.0 100 0.0 
3 0.0 0.0 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
U1 
8 0.0 0.0 100 0.0 
....... 
Table19--Clostridium sporogenes ATCC 7955 (spores) recovered from the surface of UHT-treated ceramic 
I ates 
Organism: ATCC 7~Q5 (512Qr~~) Sample: Ceramic Plates Date: October 17. 1991 
Treatment: 1100 oC Treatment Time: 1 O Seconds CFU/ml lnnoculum: 9.00 x 100 
Mean% Kill: 2.75% SSD: 5.0 % Reduction Confidence Interval: 2.75 + 2 
Recovered 
Samele# CFU/cm2 # Recovered CCFU/ml) % (Reduction) % Survival 
1 1.4x107 8.10 x 108 10 90 
2 1.7x107 1.00 x 109 0.0 110 
3 1.4x107 7.95 x 108 12 88 
4 1.5x107 8.90 x 108 0.01 99 
5 1.6x107 9.10x108 0.0 101 
6 1.6x107 9.05 x 108 0.0 101 
7 1.8x107 1.03 x 1 ()9 0.0 114 
CJl 
1.7x107 
I\) 
8 9.65 x 108 0.0 107 
Table 20--Bacillus stearothermovhilus recovered from the surface of a raw beef steak 
Organism: Bacillus stearothermophilus Sample: Beef Steak Date: August 23. 1991 
Treatment: none 
Mean % Recovered: 1QL 
Sample# 
1 
2 
3 
4 
5 
6 
7 
8 
Recovered 
CFU/cm2 
1.0x105 
1.0x1o5 
1.2x1o5 
7.9x1<>4 
1.0x1o5 
9.7x1<>4 
1.0x1o5 
1.0x1o5 
Treatment Time: O Seconds 
SSD: ..:....:11.....__ 
CFU/ml lnnoculum: 5. 75 x 1 os 
% Recovered Confidence Interval: 101 + 4 
#Recovered (CFU/ml) % (Reduction) % Survival 
5.95 x 1()6 0.0 103 
5.90 x 1()6 0.0 103 
6.90 x 1()6 0.0 120 
4.55 x 1()6 21 79 
5.95 x 1()6 0.0 103 
5.60 x 1()6 0.0 97 
5.80 x 1()6 0.0 101 
5.95 x 1()6 0.0 103 
U1 
(..) 
Tat21~ 21--Ps~JJ.QQmQna,~ aeruginosa r~QQV~r~d frQm th~ §!.!rfac~ Qf ~raw b~~f §t~ak 
Organism: Pseuctomonas aeruginosa Sample: Beef Steak Date: Auaust 29. 1991 
Treatment: none Treatment Time: O SeQonds CFU/ml lnnoculum: 1.68 x 108 
Mean% Recovered: .1QQ_ SSD: 5.0 % Recovered Confidence Interval: 100 +2 
Recovered 
Samole# CFU/cm2 # Recovered CCFU/ml) % (Reduction) % Survival 
1 2.6x106 1.52 x 108 9.52 90 
2 3.0x1o6 1.71x1Q8 0.0 102 
3 3.0x1o6 1.73 x 1()8 0.0 103 
4 2.8x1o6 1.60 x 108 4.76 95 
5 3.1x1o6 1.80 x 108 0.0 107 
6 3.0x1o6 1.72 x 108 0.0 102 
7 3.0x1o6 ·1.72 x 108 0.0 102 
8 3.0x1o6 1.73 x 1()8 0.0 103 U1 ~ 
Tabl~ 22--S.a.lmQnella t'l/2.himu.riu.m recQv~r~g frQm th~ §Urfa~~ Qf a raw b~~f §t~ak 
Organism: Salmonella tvohimurium Sample: Be_eLSt~ak Date: Auaust 29. 1991 
Treatment: nQne Treatment Time: O SecQnds CFU/ml lnnoculum: 1.21x1Q8 
Mean% Recovered: .1QQ. SSD: 5.0 % Recovered Confidence Interval: 100 +2 
Recovered 
Samele# CFU/cm2 # Recmrered_ CCEU/mll %1Reduction) % Survival 
1 2.1x106 1.22 x 1()8 0.0 101 
2 1.8x1o6 1.06 x 1()8 12.4 87 
3 2.1x1o6 1.23 x 1 ()8 0.0 102 
4 2.1x1o6 1.23 x 1()8 0.0 102 
5 2.1x1o6 .1.21x1Q8 0.0 100 
6 2.2x1a6 1.25 x 1()8 0.0 103 
7 2.1x1a6 1.21x1()8 0.0 100 
8 2.1x1a6 1.22 x 1()8 101 U1 0.0 U1 
Tsibl~ 2~--Esch~riQ.hia Q.Qli r~~Qv~r~g frQm th~ ~yrfac~ Qf si raw b~~f ~t~a,k 
Organism: Escherichia cQli Sample: Beef Steak Date: Seotember 4. 1991 · 
Treatment: nQne Treatment Time: O Seconds CFU/ml lnnoculum: 1.86 x 10s 
Mean % Recovered: 94 SSD: M % Recovered Confidence Interval: 94 ±3 
Recovered 
Samole# CFU/Qm2 # Recovered CCFU/ml) % (Reduction) % Survival 
1 2.7x106 1.53 x 1()8 18 82 
2 3.2x1oB 1.82 x 1()8 2.0 98 
3 3.5x1oB 2.03 x 1()8 0.0 109 
4 2.8x1o6 1.59 x 1()8 14 85 
5 3.0x1oB 1.67 x 1()8 10 90 
6 2.9x1oB 1.70 x 1()8 9.0 91 
7 3.1x1o6 1.77 x 1()8 5.0 95 
8 3.2x1oB 1.84 x 1()8 1.0 99 U1 CJ) 
Table 24--Li~te,ria mQnQQ.vtQge,ne_~ reQQvereg frQm the syrfaQe Qf a raw beef steak 
Organism: Li~t~ria. mQnQQ.~Qg~n~~ Sample: Beef Steak Date: Seotember 6. 1991 · 
Treatment: none Treatment Time: 0 Seconds CFU/ml lnnoculum: 1.54 x 10s 
Mean% Recovered: .1QL SSD: 4.0 % Recovered Confidence Interval: 103 +2 
Recovered 
Samele# CFU/Qm2 #Recovered CCFU/ml) % <Reduction) % Survival 
1 2.ax1oa 1.62 x 108 0.0 105 
2 2.7x1o6 1.58 x 1 ()8 0.0 103 
3 3.0x1o6 1.71x10S 0.0 111 
4 2.7x1o6 1.52 x 1()8 1.0 99 
5 2.6x1o6 1.50 x 1()8 3.0 97 
6 2.8x1o6 1.60 x 108 0.0 104 
7 2.7x1o6 1.55 x 1 ()8 0.0 101 
8 2.7x1o6 1.57 x 108 0.0 102 
01 
-....j 
T §QI~ 2Q.--CamQ~QbaQ.tf1r if:.i.uni reQQV~r~g f rQm th~ §!Jrf§Q~ Qf a raw b~~f §t~ak 
Organism: CamQWQbacter jejuni Sample: Beef Steak Date: November 7. 1991 
Treatment: none Treatment Time: O Seconds CFU/ml lnnoculum: 1.06 x 106 
Mean % Recovered : ~ SSD: L.Q % Recovered Confidence Interval : 94+ 3 
Recovered 
Samole# CFU/Qm2 · # Recovered CCFU/ml) % (Reduction) % Survival 
1 2.Bx103 1.62 x 1()5 6.0 94 
2 1.6x1o4 9.05 x 105 15 85 
3 1.Bx1<>4 1.03 x 106 3.0 97 
4 1.Bx1<>4 1.01 x106 5.0 95 
5 1.6x1<>4 9.10x105 14 86 
6 1.7x1<>4 9.90 x 105 7.0 93 
7 2.1x1<>4 1.19x106 0.0 104 
1.9x1<>4 (J1 8 1.07 x 106 0.0 101 CX> 
Table 26--Clostridium sooroqe,nes ATCC 7955 (vegetative cells) recovered from the surface of a raw beef steak 
Organism: ATCC 7955 (vegetative cells) Sample: Beef Steak Date: October 24. 1991 
Treatment: ~ 
Mean% Recovered: 1QI 
Sample# 
1 
2 
3 
4 
5 
6 
7 
8 
Recovered 
CFU/cm2 
1.5x105 
1.4x1<>5 
1.6x1<>5 
1.2x1<>5 
1.2x1<>5 
1.3x1o5 
1.4x1<>5 
1.5x1<>5 
Treatment Time: O Seconds 
SSD: 11 
CFU/ml lnnoculum: 7.50 x 10s 
% Recovered Confidence Interval: 107± 4 
# Recovered (CFU/mll % (Reduction) % Survival 
8.80 x 106 0.0 117 
8.25 x 106 0.0 110 
~.05 x 106 0.0 121 
7.00 x 106 7.0 93 
7.10x106 5.0 94.5 
7.30 x 1 ()6 3.0 97 
8.15 x 1 ()6 0.0 109 
8.75 x 106 0.0 116 
U1 
<D 
Tabla27-~astddium_sDoroaenesuATCC 7955 CsooresLrecovered from the surface of a raw beef steak 
Organism: ATCC 7955 (spores) Sample: Beef Steak Date: October 24 .. 1991 
Treatment: none Treatment Time: O Second.§ CFU/ml lnnoculum: 1.31 x 1 oa 
Mean% Recovered: ~ SSD: M 
Recovered 
Sample# CFU/cm2 # Recovered CCFU/mll 
1 2.2x106 1.27 x 108 
2 2.2x1a6 1.28 x 108 
3 2.2x1a6 1.27 x 108 
4 2.1x1a6 1.21x108 
5 2.2x1a6 1.24 x 108 
6 2.2x1a6 1.28 x 108 
7 2.2x1a6 1.28 x 108 
8 2.1x1a6 · 1.20 x 108 
% Recovered Confidence Interval: 96 + 1 
% (Reduction) % Survival 
3.0 97 
2.0 98 
3.0 97 
8.0 92 
5.0 95 
3.0 98 
3.0 98 
8.0 92 
CJ) 
0 
Table 28--Baci//us stearothermophi/us recovered from the surface of UHT-treated beef steaks 
Organism: Bacillus stearothermophilus Sample: Beef Steak Date: Februarv 12. 1991 
Treatment: 1100 ?Q. Treatment Time: 22_Seconds CFU/ml lnnoculum: 9.0 x 106 
Mean% Kill: 1QQ. SSD: 0.0 % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/Qm2 · # Recovered CCFU/ml) % (Reduction) % Survival 
1 2.3x101 1.3 x 1<>'3 100 0.0 
2 0 0.0 100 0.0 
3 7.3x101 4.2 x 1<>'3 100 0.0 
4 0 0.0 100 0.0 
5 0 0.0 100 0.0 
6 3.2x101 1.85 x 1 (}'3 100 0.0 
7 1.9x101 1.10x1o'3 100 0.0 
(J) 
_. 
8 1.3x101 7.45 x 1<>'3 100 0.0 
Table 29--Pseudomonas aeruginosa recovered from the surface of UHT-treated beef steaks 
Organism: Pseudomonas aeruginosa Sample: Beef Steak Date: March 22. 1991 
Treatment: 1100 ~ Treatment Time: 22---See_Qods CFU/ml lnnoculum: 2.82 x 100 
Mean % Kill: 100 SSD: M % Reduction Confidence Interval : 100+ 1 
Recovered 
Samele# CFU/Qm2 ,# Recovered CCFU/mll % (Reduction) % Survival 
1 7.6x101 4.4x1Q3 100 0.0 
2 3.0x101 1.7x103 100 0.0 
3 0 0.0 100 0.0 
4 0 0.0 100 0.0 
5 0 0.0 100 0.0 
6 0 0.0 100 0.0 
7 0 0.0 100 0.0 
O> 
I\) 
8 0 0.0 100 0.0 
Table ~O--S.almQnella t~Q.himu_rium reQovered frQm the ~urface Qf UHI-treat~g beef steaks 
Organism: Salmonella tvQ.hi!Twriu.m Sample: Beef Steak Date: Julv 5. 1991 
Treatment: 1100 ~ Treatment Time: 2_2_Seoonds CFU/ml lnnoculum: 3.85 x 1 oa 
Mean % Kill: .1.QQ. SSD: 0.4 % Reduction Confidence Interval: 100+1 
Recovered 
Samele# CFU/cm2 ·# Recovered (CFU/ml) % (Reduction) % Survival 
1 4.3x104 2.50 x 106 99 0.1 
2 1.5x1o4 .8.90 x 1()5 100 0.0 
3 2.6x1o4 1.51x106 100 0.0 
4 2.2x1o4 ·1.27 x 106 100 0.0 
5 2.5x1o4 1.43 x 106 100 0.0 
6 1.1x1<>3 6.60 x 104 100 0.0 
7 2.8x1o2 ·1.60 x 104 100 0.0 
1.1x1o2 CJ) 8 6.60 x 103 100 0.0 (,.) 
T~bl~ ~1--Esche,ric_hia cQli r~QQVered from th~ §!Jrface of UHT-tr~at~g b~ef ~t~ak~ 
Organism: Esch~ric.hia. coli Sample: Beefsteak Date: Julv 15. 1991 
Treatment: 1100 ~ Treatment Time: 22 Seconds CFU/ml lnnoculum: 4.56 x 10s 
Mean% Kill: 1QQ. SSD: QJ2 % Reduction Confidence Interval: 100+1 
Recovered 
Samole# CFU/cm2 _L_BecoYered CCFU/ml} % (Reduction) % Survival 
1 2.9x103 1.69 x 1()5 100 0.0 
2 6.1x101 3.50 x 103 100 0.0 
3 1.2x1<>3 6.85 x 104 100 0.0 
4 8.7x1<>2 . 5.0 x 104 100 0.0 
5 1.0x1<>2 5.90 x 104 100 0.0 
6 1.2x1<>2 7.10x1Q5 10 0.0 
7 6.8x1<>2 3.90 x 104 100 0.0 
5.4x1<>2 
100 
8 ;3.10x104 0.0 
(J) 
~ 
T§ble 32--Li~.t~ria mQnQQ'iJQ.~nes recQv~reg frQm the §yrf9~e Qf UHT-tre§t~g be~f §t~ak§ 
Organism: Listeria monocytOgenes Sample: Beef Steak Date: October 30. 1991 
Treatment: 1100 ~ Treatment Time: 22 Seconds CFU/ml lnnoculum: 7.60 x 101 
Mean % Kill: 1QQ. SSD: 0.0 % Reduction Confidence Interval: 100+1 
Recovered 
Samole # CFU/cm2 _ #_Recovered (CFU/mll %_(Reduction) % Survival 
1 5.02 . 2.90 x 102 99.99 0.01 
2 5.2x101 3.0 x 103 99.99. 0.01 
3 1.6x1<>3 9.15x104 99.88 0.1 
4 1.9x1<>3 · 1.11x1Q5 99.85 0.2 
5 7.0x101 . 4.05 x 104 99.95 0.05 
6 1.5x1<>3 . 8.80 x 104 99.88 0.12 
7 1.7x1e>3 9.55 x 104 99.87 0.13 
5.7x1<>2 O> 8 3.30 x 1<>4 99.99 0.01 (J1 
Table 33--Campylobacter jejuni recovered from the surface of UHT-treated beef steaks 
Organism: Campylobacter jejuni Sample: 8-ee1-Steak Date: November 7. 1991 
Treatment: 1100 ?Q. Treatment Time: 22 Seconds CFU/ml lnnoculum: 1.06 x 106 
Mean% Kill: 1QQ. SSD: Q..Q % Reduction Confidence Interval: 100+1 
Recovered 
Samole # CFU/cm2 # RecoveredlCFJJJmll % CReductionl % Survival 
1 0.0 0.0 100 0.0 
2 1.4x1o2 8.30 x 1()3 99 0.01 
3 4.7x101 2.70 x 103 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 5.2x101 3.0x1Q3 100 0.0 
7 4.9x101 ·2.ss x 1Q3 100 0.0 
m 
m 
8 0.0 0.0 100 0.0 
Table 34--Clostridium sporogenes ATCC 7955 (Vegetative Cells) recovered from the surface of UHT-treated 
be~f §teak§ 
Organism : ATCC 7~~~ (Veget§tive Cells) Sample: Beef Steak Date: October 24. 1991 . 
Treatment: 1100 ?Q. Treatment Time: 22 Seconds CFU/ml lnnoculum: 7.50 x 106 
Mean % Kill : 1 oo SSD: 0.4 % Reduction Confidence Interval: 100+1 
Recovered 
Samole# QFU/Qm2 # Recovered CCFU/ml) % CReduction) % Survival 
1 8.8x102 5.10 x 104 99 0. 1 
2 1.1x1o2 6.20 x 103 100 0.0 
3 1.6x1o2 9.50 x 103 100 0.0 
4 0.0 0.0 100 0.0 
5 0.0 0.0 100 0.0 
6 0.0 0.0 100 0.0 
7 0.0 0.0 100 0.0 
()) 
4.2x1o2 -.....J 8 2.40 x 104 100 0.0 
Table ~5--CIQ~trifi.iu.m sQQrQgen~s ATCC 7~55 {§RQre§) reQQV~red frQm th~ §UrfaQ~ Qf Ut:jT-tr~atec:J beef steaks 
Organism: ATCC 1a55 (§12Qr~§) Sample: Beef Steak Date: October 24. 1991 
Treatment: 1100 ~ Treatment Time: 22 Seconds CFU/ml lnnoculum: 1.31 x 100 
Mean% Kill: 1I SSD: 23 % Reduction Confidence Interval: 17 + 7 
Recovered 
Samele# CFU/Qm2 # Recovered (CFU/ml) % <Reduction) % Survival 
1 1.ax106 . 1.04 x 1()8 21 79 
2 2.2x1o6 1.25 x 1()8 5.0 95 
3 1.5x1o6 8 .50 x 107 35 65 
4 7.9x1<>5 4 .60 x 107 65 35 
5 2.5x1o6 1.44 x 1()8 0.0 100 
6 2.2x1o6 1.26 x 1()8 4 .0 96 
7 2.5x1o6 1.46 x 1()8 0.0 100 
2.2x1o6 
(j) 
8 1.28 x 1()8 2.0 98 (X) 
